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(57) ABSTRACT

Technologies and techniques for combating drowsiness of a
driver of a motor vehicle. A calculation rule is used in which
a fatigue progression curve, that represents a fatigue devel-
opment of the driver over time, can be generated based on
a parameter set, and specific values for the parameter set are
determined for a route ahead. The fatigue progression curve
for the route ahead may be determined via the calculation
rule using the determined values for the parameter set, and
the fatigue progression curve is analyzed. A countermeasure
may be initiated depending on a result of the analysis, in
which countermeasure at least one value of a variable
parameter of the parameter set is specifically changed.
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1
METHOD FOR COMBATING DROWSINESS
OF A DRIVER OF A MOTOR VEHICLE AND
ELECTRONIC COMPUTING DEVICE

RELATED APPLICATIONS

The present application claims priority to German Patent
App. No. DE 10 2022 205 571.3, to Andreas Meier, filed
Jun. 1, 2022, the contents of which is incorporated by
reference in its entirety herein.

FIELD OF TECHNOLOGY

The present disclosure relates to methods for combating
drowsiness of a driver of a motor vehicle and to an electronic
computing device.

BACKGROUND

US 2006/0068693 Al discloses a method in which an
oxygen deficiency of vehicle occupants is detected and the
oxygen deficiency is eliminated. By eliminating the oxygen
deficiency, altitude sickness of vehicle occupants can be
prevented when driving in high mountains. For this purpose,
a device is provided which is set up to determine oxygen
saturation of the vehicle occupant in the blood and oxygen
or carbon dioxide concentration in the vehicle interior. If
oxygen deficiency is detected, the interior air in the vehicle
can be conditioned to counteract the oxygen deficiency.

In addition, U.S. Pat. No. 10,235,859 B1 discloses a
method for reducing drowsiness when driving. The method
comprises detecting or predicting drowsy driving conditions
of a driver of a motor vehicle and taking steps to reduce
them, thereby increasing the safety of the driver and other
persons or vehicles in the vicinity of the vehicle. Driver
drowsiness can be determined based on personal health/
fitness data of the driver.

In addition, KR 20 200 071 195 A discloses an alarm
system for detecting driver drowsiness.

SUMMARY

Aspects of the present disclosure are directed to creating
solutions that enable a particularly reliable determination of
the fatigue of a driver of a motor vehicle as well as a
particularly effective countermeasure against fatigue.

Some aspects of the present disclosure are disclosed in the
subject matter of the independent claims. Further aspects are
disclosed in the dependent claims, the description, and the
figures.

In some examples, a method is disclosed for combating
drowsiness of a driver of a motor vehicle. The motor vehicle
may be configured as an automobile, such as a passenger car.
The method is intended to provide technologies and tech-
niques for counteracting fatigue of the driver of the motor
vehicle and thus for influencing the development of fatigue
of the driver.

In some examples, at least one evaluation criterion is used
to determine a fatigue class that represents the driver’s
fatigue. This means that several different fatigue classes are
specified and the at least one evaluation criterion is used to
determine to which fatigue class the driver in his current
state is to be assigned. The determination of the fatigue class
can be carried out using an electronic computing device. The
method further includes selecting at least one countermea-
sure for the determined fatigue class by means of an assign-
ment rule in which different fatigue classes are assigned

10

20

25

35

40

45

50

2

respective countermeasures. This selection of the at least one
countermeasure on the basis of the determined fatigue class
can also be carried out via the electronic computing device.
For example, the assignment rule may be stored in a memory
device accessible by the electronic computing device. All
predetermined fatigue classes are stored in the assignment
rule, with at least one countermeasure being assigned to each
of the predetermined fatigue classes. The respective coun-
termeasures have the purpose of combating fatigue of the
driver of the motor vehicle, so that the driver becomes less
tired, or becomes tired only later, or becomes tired less
quickly.

In some examples, another method is disclosed for com-
bating drowsiness of a driver of a motor vehicle, in which a
calculation rule is used by means of which, based on a set
of parameters, a fatigue progression curve can be generated
which represents fatigue progression of the driver over time.
This calculation rule can, for example, be stored in a
memory device and thus be saved. The fatigue progression
curve thus describes how a driver’s level of fatigue is
expected to develop over time in the future. The method
further comprises determining specific values for the param-
eter set for a route ahead. The parameter set comprises at
least one parameter, or a plurality of parameters. In the
method, at least one value for the at least one parameter of
the parameter set is determined for the route ahead. The
route ahead can be determined, for example, in the case of
activated route guidance, based on route data which can be
provided by a navigation device. The parameters of the
parameter set describe variables that influence the driver’s
fatigue development. This means that, depending on the
value of the respective parameter, the driver’s fatigue devel-
opment is influenced differently.

In some examples, an electronic computing device is
disclosed, which is configured to execute at least one of the
methods according to the present disclosure. The electronic
computing device is configured to determine a fatigue class
based on at least one evaluation criterion and to select the at
least one countermeasure for the determined fatigue class
via the assignment rule and to trigger the at least one
selected countermeasure. Alternatively, or in addition, the
electronic computing device is set up to use the calculation
rule to determine the specific values for the parameter set for
the route ahead, to determine the fatigue progression curve
for the route ahead by means of the calculation rule using the
determined values for the parameter set, to analyze the
fatigue progression curve, and to trigger the at least one
countermeasure depending on a result of the analysis.
Advantages and advantageous further developments of the
methods according to the present disclosure are to be
regarded as advantages and advantageous further develop-
ments of the computing device according to the present
disclosure.

Further features should be apparent from the following
description of the figures and the drawing. The features and
combinations of features mentioned above in the descrip-
tion, as well as the features and combinations of features
shown below in the description of the figures and/or in the
figures alone, can be used not only in the combination
indicated in each case, but also in other combinations or
alone, without departing from the scope of the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The following disclosure is provided in the drawings, in
which:
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FIG. 1 illustrates a method diagram for a method of
combating fatigue of a driver of a motor vehicle according
to some aspects of the present disclosure;

FIG. 2 illustrates a method diagram for another method
for combating drowsiness of a driver of a motor vehicle
according to some aspects of the present disclosure; and

FIG. 3 illustrates a fatigue progression curve character-
izing a progression of a fatigue level of the driver of the
motor vehicle over time, according to some aspects of the
present disclosure.

DETAILED DESCRIPTION

Identical elements or elements having the same function
are provided with the same reference signs in the figures.

In some examples, methods for combating drowsiness of
a driver of a motor vehicle include triggering the at least one
selected countermeasure. This triggering of the countermea-
sure may be performed, for example, via the electronic
computing device. By triggering the countermeasure asso-
ciated with the determined fatigue class of the driver, the
countermeasure can be particularly well adapted to the
determined fatigue of the driver, as a result of which the
fatigue of the driver can be particularly well combated. For
example, the fatigue class can characterize the driver’s level
of fatigue. This means that the fatigue classes can be used to
easily provide different countermeasures for different levels
of fatigue. As a result, it is possible to combat driver fatigue
very efficiently. For example, if the fatigue class determines
that the driver is very tired, the assignment rule will select
a countermeasure that has a very strong effect on the driver’s
fatigue and thus counteracts the driver’s fatigue very effec-
tively. If it is determined that the driver is only slightly tired,
then the assignment rule can be used to select a counter-
measure that has only a small effect on the driver’s devel-
opment of fatigue, but has a particularly small effect on the
driver’s driving experience, for example. The method thus
allows the countermeasure selected to be particularly well
matched to the detected driver fatigue and to affect the
driver’s driving experience particularly little or no more than
necessary.

In some examples, the fatigue class may be determined
based on at least one of the following evaluation criteria. A
sensor value of a sensor device can be specified as an
evaluation criterion, where the sensor value represents a
CO, content and/or an O, content of the air in the motor
vehicle. The O, content describes an oxygen content and the
CO, content describes a carbon dioxide content. This means
that the fatigue class is determined based on the carbon
dioxide and/or oxygen content of the air in the vehicle. The
lower the O, content of the air in the vehicle, or the higher
the CO, content of the air in the vehicle, the more tired the
driver of the vehicle is considered to be. This means that a
fatigue class is determined for the driver of the motor
vehicle, which is determined as a result of the determined
CO, content or the determined O, content in the air in the
motor vehicle. Each fatigue class can therefore be assigned
a range of CO, or O, content or a combination of O, and
CO, content. The fatigue class of the driver is thus deter-
mined by the range in which the determined O, content or
the determined CO, content lies.

Alternatively, or in addition, the driver’s use of the
steering wheel can be used as an evaluation criterion.
Different steering wheel speeds or steering frequencies or
steering torques applied to the steering wheel of the motor
vehicle are assigned to different driver fatigue classes.
Further alternatively, or in addition, the use of an accelerator
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or brake pedal can be used as an evaluation criterion. Here,
the use of the accelerator or brake pedal can characterize
how often the accelerator or brake pedal is used, or how hard
the accelerator or brake pedal is depressed and thus what
force is exerted on the accelerator or brake pedal, or how far
the accelerator or brake pedal is depressed, or how fast the
accelerator or brake pedal is depressed. Further alternatively,
or in addition, the occurrence of driving maneuvers classi-
fied as critical may be used as an evaluation criterion to
determine the driver’s fatigue class. In particular, it may be
determined how often respective driving maneuvers classi-
fied as critical occur within a specified time interval, and the
driver’s fatigue class may be determined on the basis of the
determined frequency of occurrence. Alternatively, or in
addition, different criticality levels may be specified for
different driving maneuvers, and the driver’s fatigue class
may be determined depending on a frequency of occurrence
of driving maneuvers of respective criticality. The more
frequently a driving maneuver classified as critical occurs,
the higher the determined driver’s fatigue represented by the
selected fatigue class.

Further alternatively, or in addition, the degree of open-
ness of the driver’s eyes can be used as an evaluation
criterion. This means that the driver’s eyes can be monitored
for their degree of openness using a driver monitoring
camera. The more the driver’s eyes are closed, the greater
the level of fatigue, which is represented by the fatigue class
selected for the driver. Further alternatively, or in addition,
a physical characteristic of the driver can be used as an
evaluation criterion. For example, a driver’s height or
weight can be selected as an evaluation criterion. Based on
these physical characteristics of the driver, the driver’s
fatigue class can be determined, for example in conjunction
with the determined sensor value of the sensor device, for
example the determined CO, content and/or the determined
O, content in the air in the motor vehicle.

For example, a low oxygen content may have a later effect
on the fatigue of a driver who is tall and/or heavy compared
to a driver who is short and/or light. Alternatively, or in
addition, a driver’s experience can be used as an evaluation
criterion. This means that a driver with more driving expe-
rience will tire more slowly than a driver with less driving
experience. Thus, the driver’s driving experience can be
used to reliably determine the driver’s current fatigue class
for each individual driver. The fatigue class can be deter-
mined on the basis of current values of the respective
evaluation criteria or current states of the respective evalu-
ation criteria. Alternatively, or in addition, the fatigue class
can be determined on the basis of a time course of respective
values or respective states of the at least one evaluation
criterion. In this way, the fatigue class characterizing the
fatigue of the driver can be correctly determined with
particularly high reliability.

In examples where the method for combating drowsiness
of a driver of a motor vehicle utilizes a fatigue progression
curve, a fatigue development curve for the route ahead may
be determined based on the calculation rule using the
determined values for the parameter set. In other words, the
determined values of the parameter set are used in the
calculation rule, and thus the fatigue progression curve for
the route ahead, which describes how the driver’s fatigue
progression is expected to develop over the route ahead, is
determined using the calculation rule. The method further
provides that the fatigue progression curve is analyzed. For
example, the fatigue progression curve may be analyzed to
determine whether the progression of this fatigue progres-
sion curve meets at least one predetermined criterion.
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Depending on a result of the analysis, and thus depending
on whether it has been determined in the course of the
analysis that the fatigue progression curve meets or does not
meet the at least one criterion, a countermeasure is triggered
by which at least one value of a variable parameter of the
parameter set is specifically changed. In this case, the
countermeasure has the purpose of combating fatigue of the
driver, so that the driver becomes more alert again, and/or of
ensuring that the driver reaches a predetermined fatigue
level later than at a time predetermined by the fatigue
progression curve and thus becomes tired later, and/or of
ensuring that the driver tires less quickly. The countermea-
sure is thus provided for adjusting the at least one parameter
of the parameter set in such a way that the driver’s fatigue
can be combated and thus the driver’s fatigue is counter-
acted. In particular, the countermeasure can be selected
depending on which parameter of the parameter set or how
much the at least one variable parameter of the parameter set
is changed by using the countermeasure.

Thus, by using the countermeasure, the at least one value
of the at least one variable parameter of the parameter set is
changed and, as a result, the progression of the fatigue
progression curve is adjusted. In this context, the use of the
countermeasure can cause the fatigue progression curve to
be compressed in height and/or stretched in length. For
example, the countermeasure can be triggered if it is deter-
mined during the analysis of the fatigue progression curve
that the driver’s level of fatigue on the route ahead exceeds
a predefined upper threshold. The analysis thus examines
whether the progression of the fatigue progression curve is
favorable or unfavorable. If it is determined that the fatigue
progression curve is not favorable, the at least one variable
parameter is used and the value of that parameter is adjusted.

The determination of the fatigue progression curve via the
calculation rule and/or the analysis of the fatigue progres-
sion curve can be performed via an electronic computing
device. The adjustment of the at least one value of the at
least one variable parameter of the parameter set can be
triggered by a control unit. The specific values for the
parameter set for the route ahead can be determined via a
sensing device and provided to the electronic computing
device.

In some examples, a warning may be output in the motor
vehicle if it is determined during the analysis that at a
predetermined future time the level of fatigue of the driver
exceeds a predetermined threshold value for this time. The
warning may be output visually and/or acoustically and/or
haptically in the motor vehicle. The warning can thus inform
the driver that at the predetermined future time, the driver’s
level of fatigue is likely to exceed the predetermined thresh-
old and that the driver is therefore likely to be too tired at
that future time.

As a result of receiving the warning, the driver can take
action to address the fatigue. For example, the driver may
take a break as a result of the warning. The driver can thus
begin to combat incipient fatigue in a timely manner, and not
only when the driver is already too tired to drive the vehicle
safely. This allows the driver to combat incipient fatigue at
an early stage. This enables the driver to drive the vehicle
safely and attentively.

In some examples, the threshold value may be configured
to be specific to a driving section of the route ahead in which
the motor vehicle is located at the predetermined time. This
means that different threshold values can be specified for
different driving sections of the route ahead with respect to
each other. As a result, the warning is output in the motor
vehicle whenever it is determined that the driver’s level of
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fatigue exceeds the threshold value specific to that driving
section when the driver arrives at the respective driving
section. For example, one of the driving sections may be an
area along the route ahead that requires increased driver
concentration, such as a country road with narrow serpen-
tines. Thus, different thresholds can be set for sections of the
route that require different levels of effort, depending on the
expected demands on the driver. The method thus deter-
mines the time at which the driver is in the respective driving
sections and the level of fatigue that the driver will exhibit
at these respective times. The level of fatigue determined for
that point in time is compared to the threshold associated
with that driving section. If all detected fatigue levels are
below the thresholds assigned to the respective driving
sections, no countermeasure is initiated. However, if at least
one of the driver’s fatigue levels is above the threshold
assigned to the corresponding driving section, at least one
countermeasure is triggered. This allows the driver to safely
steer the motor vehicle along the route ahead, especially if
the driver is challenged to a different extent and therefore
needs to concentrate to a different degree when steering the
motor vehicle on different driving sections.

In some examples, a level of fatigue of the driver for a
predetermined test time is predicted based on the fatigue
progression curve, the predicted level of fatigue is compared
with a level of fatigue of the driver determined for this test
time based on sensor data, and the calculation rule is adapted
depending on a result of the comparison. This means that the
fatigue progression curve is determined, and the expected
fatigue level of the driver of the motor vehicle is estimated
based on the fatigue progression curve for the predetermined
test time. When the test time is reached, the sensor values for
that test time are used to determine the actual level of fatigue
of the driver of the motor vehicle at that test time. A
comparison is then made of how much the estimated, and
thus predicted, level of fatigue differs from the actual level
of fatigue of the driver of the motor vehicle as determined
by the sensor data. If this deviation is greater than a
predetermined limit, the calculation rule is adjusted to
eliminate any systematic error in the calculation rule. If the
deviation between the predicted level of fatigue and the
actual level of fatigue of the driver as determined by the
sensor data is less than or equal to the predefined limit, the
calculation rule remains unchanged. The limit can thus
describe a tolerance range for the deviation of the fatigue
level estimated based on the fatigue progression curve
determined by the calculation rule from the actual fatigue
level determined based on the sensor data. This comparison
can thus be used to check the calculation rule.

In some examples, the parameter set may include a value
of at least one of a plurality of parameters. The parameter
can be a number of vehicle occupants. The more vehicle
occupants there are in the motor vehicle, the faster an
existing O, content in the air in the motor vehicle can
decrease or the faster a CO, content in the air in the motor
vehicle can increase. In addition, an increased number of
occupants in the motor vehicle may cause the driver to tire
quickly due to distraction. Alternatively, a particularly low
number of vehicle occupants may cause the driver to tire
particularly quickly due to boredom. Alternatively, or in
addition, the temperature inside the vehicle can be used as
a parameter. The warmer it is inside the vehicle, the faster
the driver tires. Alternatively, or in addition, a characteristic
of the driver, in particular height and/or weight and/or level
of driving experience, can be used as a parameter. The more
driving experience a driver has, the less strenuous the
driving of the motor vehicle is for this driver and the slower



US 12,246,669 B2

7

the driver tires when driving the motor vehicle. In addition,
the combination of the driver’s height and weight can be
used to infer the driver’s fitness. For example, it can be
assumed that the more fit the driver of the motor vehicle, the
less quickly the driver will tire while driving the motor
vehicle. The less fit the driver of the motor vehicle is
estimated to be, the faster the driver of the motor vehicle is
expected to tire while driving the motor vehicle.

In some examples, the number and duration of breaks can
be used as a parameter. The more often a driver takes breaks
while driving, or the longer the breaks, the slower the driver
will tire while driving the motor vehicle, as each of the
breaks counteracts driver fatigue. Alternatively, or in addi-
tion, a time of day can be used as a parameter. For example,
it may be determined that the later the time of day, the faster
the driver of the motor vehicle is likely to become tired
based on a number of hours the driver has already spent
awake. In some examples, the weather can be included as a
parameter in the calculation rule. For example, the weather
parameter can consider how difficult the road conditions are
due to the weather. The more difficult the respective road
conditions are determined to be due to the weather, the faster
the driver of the motor vehicle is likely to tire while driving
the motor vehicle along the route.

In some examples, media usage in the motor vehicle may
be used as a parameter. If it is determined that media are
being consumed in the vehicle which require a high level of
concentration on the part of the driver, then it is determined
that the driver is likely to tire particularly quickly. Alterna-
tively, or in addition, a characteristic of the route ahead can
be used as a parameter. In this case, the characteristic of the
route ahead can indicate how much concentration the steer-
ing of the vehicle on the route ahead requires from the driver.
The more the driver needs to concentrate on steering the car
on the route ahead, the faster the driver will tire. In particu-
lar, the interior temperature of the vehicle, the number and
duration of breaks, and the use of media in the vehicle are
variable parameters of the parameter set. The more of the
above parameters are used as components of the parameter
set for determining the fatigue progression curve using the
calculation rule, the more accurately and reliably the fatigue
progression curve can be determined for the driver.

In some examples, the fatigue progression curve may be
determined in a driver-specific manner. This means that at
least one characteristic of the driver is a mandatory param-
eter of the parameter set. The driver characteristic may be a
height, a weight, a driving experience, a state of health, a
state of mind, a starting fatigue, or a daily form. Different
fatigue progression curves are thus determined for different
drivers of the vehicle based on the calculation rule. Within
the scope of the method, it is thus possible to combat the
fatigue of the respective driver on a driver-specific basis. In
particular, not only can the fatigue progression curve be
determined on a driver-specific basis, but the countermea-
sure can also be selected on a driver-specific basis. This
means that the countermeasure that has the best effect on the
driver’s fatigue progression curve and, in particular, com-
bats the driver’s fatigue progression most strongly or most
reliably is selected from a number of countermeasures. In
this way, the countermeasure that is likely to have the
greatest effect in combating the driver’s fatigue can be
selected on a driver-specific basis. By determining the
driver-specific fatigue progression curve, the driver’s fatigue
development can be predicted very reliably.

In some examples, at least one of a plurality of actions
may be carried out as a countermeasure. In one example, a
proportion of fresh air in the motor vehicle can be increased
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as a countermeasure. This means that a supply of fresh air
from an environment of the motor vehicle into the interior of
the motor vehicle is increased. Alternatively, or in addition,
an activated recirculation mode can be deactivated as a
countermeasure. This means that if the recirculation mode is
activated, it is deactivated and thus fresh air from outside the
vehicle is supplied to the interior of the vehicle. Alterna-
tively, or in addition, the air circulation speed in the vehicle
can be increased as a countermeasure. In this way, particu-
larly rapid mixing can be achieved, resulting in a particularly
even distribution of oxygen and carbon dioxide in the
vehicle interior. Areas with locally low oxygen concentra-
tion or locally high carbon dioxide concentration can thus be
reliably avoided. Alternatively, or in addition, at least one
window of the motor vehicle can be opened as a counter-
measure. By opening the window of the motor vehicle, a
large quantity of fresh air can be introduced particularly
quickly into the interior of the motor vehicle, as a result of
which an oxygen content of the air in the interior of the
motor vehicle can be increased particularly quickly and a
carbon dioxide content can be reduced particularly quickly.

Alternatively, or in addition, a warning may be given to
the driver in the motor vehicle as a countermeasure. This
warning can be acoustic and/or visual and/or haptic. The
warning can make the driver aware of a negative develop-
ment of fatigue, which allows the driver to take measures
against fatigue. For example, the driver can take at least one
break to combat fatigue. Alternatively, or in addition, a
volume level of audio outputs in the vehicle can be increased
as a countermeasure. By increasing the volume level of
audio outputs in the motor vehicle, the driver of the motor
vehicle may be alerted, thereby combating driver fatigue.
Alternatively, or in addition, as a countermeasure, a blue
light component of at least one screen in the motor vehicle
may be increased. By increasing the blue light component of
the display, the formation of the sleep hormone melatonin
can be inhibited, thereby combating driver fatigue. Alterna-
tively, or in addition, as a countermeasure, the driver can be
jolted by means of reversible belt pretensioners. As a coun-
termeasure, these reversible pretensioners can be alternately
loosened and tightened at short intervals, causing the driver
to be jolted. This jolting of the driver can shake the driver
awake and thus combat driver fatigue.

Alternatively, or in addition, as a countermeasure, at least
one break can be scheduled by changing a navigation route.
This means that when route guidance is activated, a navi-
gation device can be used to adjust the navigation route so
that at least one additional break is planned along the route
ahead. During this break, the driver can recover from driving
the motor vehicle, thereby combating increasing driver
fatigue. Alternatively, or in addition, a charging strategy of
the motor vehicle can be adapted as a countermeasure. This
means that, depending on the determined fatigue progres-
sion curve, an earlier charging stop for the motor vehicle can
be scheduled and/or more frequent charging stops for the
motor vehicle can be scheduled, so that the driver can
recover during these charging stops, whereby increasing
driver fatigue can be combated. At least one of said coun-
termeasures, in particular more than one of said counter-
measures, can be triggered in order to influence the fatigue
progression curve and thus to be able to combat driver
fatigue particularly well.

While driving a motor vehicle, the driver of the motor
vehicle may become tired, which may lead to dangerous
situations. In order to avoid these dangerous situations as
much as possible, it is necessary to combat driver fatigue.
There are a plurality of methods to do this.
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In a first method for combating drowsiness of the driver
of the motor vehicle, the method diagram of which is shown
in FIG. 1, it is provided that in a first method step V10 a
fatigue class is determined based on at least one evaluation
criterion, which class represents the fatigue of the driver. A
sensor value of a sensor device can be used as an evaluation
criterion. The sensor value can represent at least a CO,
content and/or an O, content of the air in the motor vehicle.
Alternatively, or in addition, a steering wheel actuation
and/or a use of an accelerator or brake pedal and/or a degree
of opening of the driver’s eyes and/or a physical character-
istic of the driver and/or a driving experience of the driver
and/or an occurrence of driving maneuvers classified as
critical can be used as an evaluation criterion.

In a second method step V11 of the first method, it is
provided that at least one countermeasure for the determined
fatigue class is selected by means of an assignment rule in
which respective countermeasures are assigned to different
fatigue classes. Furthermore, in the first method it is pro-
vided that in a third method step V12 the at least one selected
countermeasure is triggered. Thus, in the first method, an
oxygen/carbon dioxide sensor in an air conditioning system
of the motor vehicle can be used to determine how tired the
occupants of the motor vehicle are based on the exhaled air.
For this purpose, the air conditioning system can be
equipped with the oxygen/carbon dioxide sensor. Further-
more, the motor vehicle may comprise a control unit, which
may be located in the area of a control panel, wherein the
control unit is arranged to perform method steps of the first
method and thus to detect and combat fatigue of the driver
of the motor vehicle.

In the first method, the current fatigue of the driver is
estimated. For this purpose, the control unit arranged in the
motor vehicle receives a plurality of pieces of information
via a sensor system in the motor vehicle. The control unit
may, for example, be part of an infotainment system and/or
a central computer of the motor vehicle. As information, the
control unit can receive data of a steering wheel actuation for
tracking a steering behavior. Alternatively, or in addition, the
control unit may receive data from an interior camera via the
sensor system about detected eyes of the driver, including
the degree of opening of the eyes. Alternatively, or in
addition, the control unit can receive data about use of the
accelerator and/or brake pedal. Further, the control unit may
receive data from driver assistance systems of the motor
vehicle in the form of statistics about driving maneuvers
detected as critical, such as tailgating or lane departure.
Alternatively, or in addition, the control unit may receive
data about the driver, such as height, weight, and/or driving
experience. Alternatively, or in addition, the control unit
may receive data from an oxygen or carbon dioxide sensor
as part of the air conditioning system. The data may be
processed by the control unit as single values and/or as
values over time.

To process this data, one or more classifiers can be used
to determine the driver’s level of fatigue and classify it into
one of several fatigue classes. Machine learning techniques
such as neural networks, support vector machines, random
forests, decision trees, or approaches such as fuzzy systems
can be used as classifiers. These machine learning methods
are trained on real driving data of the evaluation criteria,
including a label of driver fatigue. Approaches such as
principal component analysis and the like can be used to
filter the data beforehand or to arrive at linear combinations
that are easier to process.

The oxygen and carbon dioxide content of the air inside
the vehicle can be directly measured to determine fatigue.
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Since this air is regularly circulated through an internal
ventilation system and the air conditioning system, an oxy-
gen or carbon dioxide sensor in the air conditioning system
can determine the levels of these gases in the interior air. If
the oxygen level drops or the carbon dioxide level rises
above a certain threshold over a certain period of time, this
indicates that the driver is tired or beginning to feel tired
because the brain is not being supplied with sufficient
oxygen and the driver’s concentration is suffering. As a
result, the driver’s fatigue class is determined based on the
oxygen or carbon dioxide levels in the interior air.

Depending on the fatigue class, different countermeasures
can be taken, especially by the vehicle. One countermeasure
is to increase the proportion of outside air in the vehicle in
order to increase the oxygen content of the interior air.
Alternatively, or in addition, an activated recirculation mode
can be deactivated or a ventilation system can be turned up
in an automatic mode, thereby increasing a recirculation
speed. Alternatively, or in addition, the windows of the
motor vehicle can be opened or an air mixture can be
changed via the air conditioning system and at the same time
the recirculation speed can be increased. Further alterna-
tively, or in addition, the driver can be alerted to fatigue by
a warning and/or a volume level of an infotainment system
can be increased and/or a blue light component of displays
in the motor vehicle can be increased and/or the driver can
be jolted awake by reversible seat belt pretensioners and/or
a break can be planned by changing a navigation route.

FIG. 2 is a method diagram for another, second, method
for combating driver fatigue in a motor vehicle according to
some aspects of the present disclosure. The second method
makes it possible to predict the driver’s fatigue over time, so
that it is possible to detect early on that the driver is getting
tired before his concentration begins to wane. The system
incorporates navigation data and many other environmental
and driver characteristics to provide highly accurate fatigue
detection and prediction. By predicting the progression of
driver fatigue, there are many ways to gently counteract
fatigue and increase driving safety. The second method
allows predictive countermeasures against fatigue to be
initiated.

For this purpose, it is provided in a first method step V20
of the second method that a calculation rule is used with
which, based on a parameter set, a fatigue progression curve
(FPC) can be generated which represents a fatigue devel-
opment of the driver over time. Furthermore, it is provided
that in a second method step V21 concrete values for the
parameter set are determined for a route ahead. In addition,
in a third method step V22, it is provided that the fatigue
progression curve (FPC) for the route ahead is determined
by means of the calculation rule using the determined values
for the parameter set. Furthermore, in a fourth method step
V23, the fatigue progression curve (FPC) is analyzed. This
fatigue progression curve is shown in FIG. 3. Here, the
fatigue progression curve (FPC) describes a development of
the level of fatigue (F) in percent over time (t). In a fifth
method step V24 of the method, it is provided that, depend-
ing on a result of the analysis, a countermeasure is triggered
by which at least one value of a variable parameter of the
parameter set is specifically changed.

The example of FIG. 2 is configured to predict the
expected fatigue at a given future time, and not the current
time. The basic idea is that fatigue is a function of time, in
this case the fatigue progression curve (FPC). This means
that if you wait long enough, everyone will get tired and fall
asleep, with sleep corresponding to a fatigue level of 100
percent. This progression of the fatigue progression curve
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(FPC) can be influenced, as for example very demanding
activities make the driver tired faster, so that the fatigue
progression curve (FPC) is compressed in its length, or by
sufficient air supply, movement, energy increase, etc. the
driver can be awake and active longer, so that the progres-
sion of the fatigue progression curve (FPC) is stretched in its
length. Furthermore, this fatigue progression curve (FPC) is
individual to the person. In the second method, the fatigue
progression curve (FPC) is determined in a driver-specific
manner. Data from a previous trip or other previous trips
may be considered in order to determine a particularly
precise driver-specific fatigue progression curve (FPC).

In the example of FIG. 2, the progression of the fatigue
progression curve (FPC) is predicted by the control unit by
means of a fatigue prediction. The time (t) can be assumed
to be continuous or discrete, e.g., considering time points
with an interval of ten minutes. The level of fatigue (F) can
be considered continuous or discrete. For example, a fatigue
class may include an interval of fatigue levels of 20 per-
centage points. For example, all fatigue levels from O
percent to 20 percent are assigned to a first common fatigue
class, all fatigue levels from 20 percent to 40 percent are
assigned to a second common fatigue class, all fatigue levels
from 40 percent to 60 percent are assigned to a third
common fatigue class, all fatigue levels from 60 percent to
80 percent are assigned to a fourth common {fatigue class,
and all fatigue levels from 80 percent to 100 percent are
assigned to a fifth common fatigue class.

A regression method such as classical polynomial regres-
sion, prioritized grammar enumeration or artificial neural
networks and/or classification methods such as the machine
learning methods mentioned above can be used to determine
the fatigue classes.

The control unit which performs the prediction by means
of'the calculation rule may receive an indication of a number
of persons in the motor vehicle for determining the fatigue
progression curve (FPC), wherein the number of persons
may be determined by means of an occupancy sensor system
of seats of the motor vehicle. Furthermore, the control unit
can receive a planned or assumed navigation route, in
particular with respect to a remaining driving time and/or
characteristics of the route. These characteristics of the route
may describe long, monotonous highway sections or wind-
ing, varied routes and/or upcoming passages through indus-
trial areas or agricultural regions where the probability of
activation of the recirculation function increases and/or
upcoming passages through tunnels with poor fresh air
and/or upcoming altitude differences and/or upcoming traffic
incidents or complicated driving situations requiring a par-
ticularly high level of concentration. The upcoming altitude
differences are relevant for determining the fatigue progres-
sion curve (FPC), since the higher the vehicle is above sea
level, the lower the air pressure and thus the oxygen supply.
Further alternatively, or in addition, the control unit may
receive a set interior temperature and/or a number of breaks
taken as well as their duration and/or a time of day and/or
information about the weather and/or characterizations of
the driver. Here, the characterizations of the driver may
describe whether the driver is an experienced driver who can
drive safely with less concentration. Alternatively, or in
addition, the driver characterizations may describe physical
characteristics of the driver, such as height and weight. This
information can be incorporated into the calculation rule in
the form of parameters.

In particular, the control unit is an electronic computing
device. The control unit can determine when the oxygen
concentration is too low and thus when the driver becomes
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tired, based on knowledge of the persons present and a
change in the oxygen/carbon dioxide concentration in the
motor vehicle.

Based on the knowledge of the remaining route including
the abovementioned data of the parameter set, the fatigue
progression curve (FPC) can be determined and on this basis
a statement can be made as to how high the driver’s
concentration should be or how the oxygen/carbon dioxide
concentration will change while driving. The control unit
can thus predict with a certain probability when the driver
will be tired and how tired he will be, so that gentle
countermeasures can be initiated in good time. As a coun-
termeasure, the oxygen concentration in the interior air can
be increased by adjusting the air conditioning/ventilation
control, fatigue of the driver can be combated by an early
warning and/or by changing the navigation route. For elec-
tric vehicles in particular, a charging strategy can be adapted
as a countermeasure to force the driver to take a break. The
overall effect of these countermeasures is to protect the
driver from fatigue before it affects his concentration.

In this way, the control unit takes into account processes
that contribute to fatigue, such as a drop in the oxygen
concentration, difficult routes, driving with recirculated air,
and inexperienced drivers, as well as processes that prevent
fatigue, such as the use of an automatic climate control
system that adjusts the supply of fresh air for a particularly
high oxygen content, a varied route that is not too strenuous,
and breaks, thus constantly predicting the progression of
fatigue.

With the help of the control unit, a comparison can be
made as to whether a maximum level of fatigue is possible
for certain sections of the route ahead, in order to explicitly
warn the driver in advance. In other words, a warning is
issued in the vehicle if the analysis determines that a driver’s
level of fatigue exceeds a predetermined threshold at a
predetermined future time. This threshold is specific to a
driving section of the route ahead in which the vehicle is
located at the predetermined time.

The calculation rule, which is a model for predicting
fatigue progression, can be generated during development
based on study data. In order to further develop the second
method for the calculation rule, the first method can be used.
For this purpose, the predictions of the second method can
be stored for upcoming points in time and then, when these
points in time are reached, the current fatigue of the driver
can be determined or detected using the first method. Using
the difference between the current, detected fatigue and the
predicted fatigue, and taking into account the data available
at the time of the prediction, the calculation rule and thus the
model for predicting the progression of fatigue can be
adapted so that the model continues to learn and adapts
better and better to the driver. In other words, the driver’s
level of fatigue (F) is predicted for a given test time based
on the fatigue progression curve (FPC), the predicted level
of fatigue (F) is compared with a driver’s level of fatigue (F)
determined for this test time based on sensor data, and the
calculation rule is adapted depending on a result of the
comparison.

The use of the oxygen/carbon dioxide sensor allows the
most accurate detection of driver fatigue. By taking driver
characteristics into account, individual driver-specific
fatigue detection is possible, which makes it possible to
determine the fatigue progression curve (FPC) very accu-
rately, since people become tired at different rates. The
second method, which allows fatigue prediction, provides a
particularly good strategy for preventing drivers from
becoming too tired. By taking into account a variety of data,
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especially the upcoming route and its characteristics, the
driver’s fatigue can be predicted. By implementing the
countermeasures gradually and thus one after the other, the
driver can slow down the increase of the level of fatigue (F)
without noticing it, and a correct fatigue warning can be
displayed only at a late stage, thus achieving a particularly
high level of acceptance of the fatigue detection by the
driver. In addition, the methods enable an increase in road
safety.

In the first method, it is thus provided that different sensor
values are received, at least the current fatigue class of the
driver is determined based on the sensor values, and the
countermeasure dependent on the fatigue class is triggered.
In the second method, it is provided that the fatigue pro-
gression curve (FPC) is generated for the fatigue progression
of the driver over time (t). Different threshold values may be
provided for different driving sections of the route ahead,
and a maximum permissible level of fatigue may be speci-
fied as a threshold value for each driving section.

The fatigue prediction and the countermeasures initiated
in dependence thereon can reduce the risk of accidents or
errors.

Overall, the invention discloses methods for fatigue
detection, in particular predictive fatigue detection, and
fatigue countermeasures.

LIST OF REFERENCE SIGNS

V10 to V24 respective method steps

FPC fatigue progression curve

F level of fatigue

t time

The invention claimed is:

1. A method for combating drowsiness of a driver of a
motor vehicle, comprising:

determining a fatigue class representing a fatigue level of

the driver, wherein the fatigue class is determined
based on at least one evaluation criterion;

selecting at least one countermeasure for the determined

fatigue class using an assignment rule in which differ-
ent fatigue classes are assigned respective countermea-
sures; and

triggering the at least one selected countermeasure.

2. The method according to claim 1, wherein determining
the fatigue class comprises at least one of the following
evaluation criteria:

sensor value of a sensor device, the sensor value repre-

senting a CO, content and/or an O, content of the air in
the motor vehicle;

actuation of a steering wheel;

use of an accelerator or brake pedal;

an occurrence of driving maneuvers classified as critical;

a degree of openness of the driver’s eyes;

a physical characteristic of the driver; and/or

the driver’s driving experience.

3. The method according to claim 1, wherein the coun-
termeasure comprises at least one of:

increasing a proportion of fresh air in the motor vehicle;

deactivating an activated recirculation mode;

increasing a circulation speed of the air in the motor

vehicle;

opening at least one window of the motor vehicle;

outputting a warning to the driver in the motor vehicle;

increasing a volume level of audio outputs in the motor
vehicle;

increasing a blue light level of at least one screen in the

motor vehicle;
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jolting a driver by means of reversible seat belt preten-

sioners;

planning at least one break by changing a navigation

route;
adapting a charging strategy of the motor vehicle.
4. A method for combating drowsiness of a driver of a
motor vehicle, comprising:
processing a calculation rule based on a parameter set to
generate a fatigue progression curve representing a
fatigue development of the driver over time;

determining values for the parameter set for a driving
route;

determining a predicted fatigue progression curve for the

driving route based on the calculation rule using the
determined values for the parameter set;

processing the predicted fatigue progression curve; and

initiating a countermeasure based on the processed pre-

dicted fatigue progression curve, wherein the counter-
measure comprises changing at least one value of a
variable parameter of the parameter set.

5. The method according to claim 4, further comprising
outputting a warning in the motor vehicle if the processing
of the predicted fatigue progression curve determines that a
level of fatigue of the driver will exceed a predetermined
threshold value in a configured future time.

6. The method according to claim 5, wherein the threshold
value is specific to a driving section of the driving route in
which the motor vehicle is located at the configured time.

7. The method according to any of claim 4, wherein
processing the predicted fatigue progression curve com-
prises comparing the fatigue progression curve with a cur-
rent level of driver fatigue determined from sensors over a
configured test time.

8. The method according to claim 7, further comprising
adapting the calculation rule based on the comparing of the
fatigue progression curve with the current level of driver
fatigue.

9. The method according to any of claim 4, wherein the
parameter set comprises a value based on at least one of the
following parameters:

a number of vehicle occupants;

an interior temperature of the motor vehicle;

a characteristic of the driver, comprising height and/or

weight and/or level of driving experience;

a number and a duration of breaks taken;

a time of day;

a weather condition;

media use in the motor vehicle; and/or

characteristics of the driving route ahead for the motor

vehicle.

10. The method according to claim 4, wherein generating
the fatigue progression curve comprises generating the
fatigue progression curve specific to the driver of the motor
vehicle.

11. The method according to claim 4, wherein the coun-
termeasure comprises at least one of:

increasing a proportion of fresh air in the motor vehicle;

deactivating an activated recirculation mode;

increasing a circulation speed of the air in the motor

vehicle;

opening at least one window of the motor vehicle;

outputting a warning to the driver in the motor vehicle;

increasing a volume level of audio outputs in the motor
vehicle;

increasing a blue light level of at least one screen in the

motor vehicle;
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jolting a driver by means of reversible seat belt preten-

sioners;

planning at least one break by changing a navigation

route; and/or

adapting a charging strategy of the motor vehicle.

12. An apparatus for combating drowsiness of a driver of
a motor vehicle, comprising:

one or more sensors; and

an electronic computing device, operatively coupled to

the one or more sensors, the electronic computing

device being configured to:

process a calculation rule based on a parameter set to
generate a fatigue progression curve representing a
fatigue development of the driver over time;

determine values for the parameter set for a driving
route;

determine a predicted fatigue progression curve for the
driving route based on the calculation rule using the
determined values for the parameter set;

process the predicted fatigue progression curve; and

initiate a countermeasure based on the processed pre-
dicted fatigue progression curve, wherein the coun-
termeasure comprises changing at least one value of
a variable parameter of the parameter set.

13. The apparatus according to claim 12, wherein the
electronic computing device is further configured to output
a warning in the motor vehicle if the processing of the
predicted fatigue progression curve determines that a level
of fatigue of the driver will exceed a predetermined thresh-
old value in a configured future time.

14. The apparatus according to claim 13, wherein the
threshold value is specific to a driving section of the driving
route in which the motor vehicle is located at the configured
time.

15. The apparatus according to any of claim 12, wherein
the electronic computing device is further configured to
process the predicted fatigue progression curve by compar-
ing the fatigue progression curve with a current level of
driver fatigue determined from sensors over a configured
test time.
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16. The apparatus according to claim 15, wherein the
electronic computing device is further configured to adapt
the calculation rule based on the comparing of the fatigue
progression curve with the current level of driver fatigue.

17. The apparatus according to any of claim 12, wherein
the parameter set comprises a value based on at least one of
the following parameters:

a number of vehicle occupants;

an interior temperature of the motor vehicle;

a characteristic of the driver, comprising height and/or

weight and/or level of driving experience;

a number and a duration of breaks taken;

a time of day;

a weather condition;

media use in the motor vehicle; and/or

characteristics of the driving route ahead for the motor

vehicle.

18. The apparatus according to claim 12, wherein the
electronic computing device is further configured to gener-
ate the fatigue progression curve by generating the fatigue
progression curve specific to the driver of the motor vehicle.

19. The apparatus according to claim 12, wherein the
countermeasure comprises at least one of:

increasing a proportion of fresh air in the motor vehicle;

deactivating an activated recirculation mode;

increasing a circulation speed of the air in the motor

vehicle;

opening at least one window of the motor vehicle;

outputting a warning to the driver in the motor vehicle;

increasing a volume level of audio outputs in the motor
vehicle;

increasing a blue light level of at least one screen in the

motor vehicle;

jolting a driver by means of reversible seat belt preten-

sioners;

planning at least one break by changing a navigation

route; and/or

adapting a charging strategy of the motor vehicle.
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